vnJ-t 


Code  4U- 


DJE3IGX  DATA  SHEETS 

BUREAU  OF  ENGINEERING,  NAVY  DEPARTMENT 
rOBCE)  DHJJT  BUWSRS,  DUCt  K0BT  ZXU 
1  June  1935 


DD352-1 


A.  REFERENCES. 

A-l.  General  Specifications  for  Machinary,  Subnotions  S3 8 -4  and  S53-1. 

A-2.  "Pan  fii^ineering1'  of  Buffalo  Forge  Company, 

B.  GENERAL  design. 

B-l.  Poroad  draft  blowers  are  required  to  draw  air  from  the  upper  deoks 
through  aui  table  ducts  to  the  fire  too  an  or  to  the  boiler  casings. 

B-2.  4a  regards  the  design  of  the  blower  proper,  it  is  very  difficult 
to  prediot  with  any  degree  of  accuracy,  by  weans  of  calculation,  the  per¬ 
formance  of  a  new  design  of  blade.  Such  fans  are  generally  developed  by 
the  manufacturers  by  weans  of  a  out  and  try  prooeaa.  Also  the  effect  of 
the  intake  housing  and  exit  diffuser  on  fan  perforwanoe  is  very  great. 
However,  once  the  performance  of  a  given  type  of  blade,  intake  and  diffuser 
combination  is  known  under  a  certain  set  of  circumstances,  perforwanoe  under 
a  different  set  of  circumstances  can  be  accurately  predicted  by  weans  of 
calculation.  Manufacturers  always  supply  the  Bureau  with  porformanoe  char¬ 
acteristic*  of  their  fans  and  it  is  a  very  simple  matter  to  calculate  the 
effaot  of  changes  in  speed,  pressure,  etc.  on  this  performance  as  will  be 
£ $7  shown  under  "Detail  Design*. 

B~3.  The  bringing  of  air  fro*  the  upper  decks  to  the  fire  rooms  or 
other  points  below  decks  involves  considerable  calculation  oenterlng  around 
the  design  of  the  duct  work  so  as  to  reduoe  the  pressure  drop  through  this 
space  to  a  minimum.  Space  is  at  a  premium  as  is  power  required  to  overcome 
air  resistance,  therefore,  although  duct  design  is  not  under  the  cognisance 
of  the  Bureau  of  Engineering,  such  design  must  be  approved  by  the  fcireau  and 
it  is  the  duty  of  this  Bureau  to  calculate  the  resistance  to  airflow  therein, 
in  order  that  the  blower  may  be  proparly  applied,  and  the  design  should  be 
carefully  studied  for  faults . 

B-A.  All  air  intakes  should  be  bell  mouthed.  All  right  angle  bands 
should  contain  dividing  guides.  All  sharp  turns  should  be  avoided  if  pos¬ 
sible.  Pipe  sections  should  be  gradually,  not  sharply  enlarged  or  reduced. 
Ihen  the  air  enters  the  fire  room  or  other  space  where  the  velocity  is  very 
low,  a  diffuser  should  always  be  used. 

0.  DETAIL  DESIGN. 

C-l.  Air  subjected  to  the  pressures  ordinarily  used  in  ventilating  work 
is  compressed  vwrv  little,  therefore,  the  laws  as  apply  to  the  flow  of 
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wmter  will  apply  here,  correction  being  guide  for  the  weight  of  air.  For 
ordinary  velocities,  the  flow  will  be  turbulent  and  the  friction  and 
shock  loss  will  vary  as  the  square  of  the  velocity. 

C-2.  In  order  to  determine  pressure  drop  through  any  sort  of  an  air 
duct  It  sust  be  realized  that  the  pressure  in  the  duct  is  made  up  of 
two  components,  one,  velocity  pressure  which  is  dynamic  and  due  to  ths 
Kinetic  energy  in  the  moving  air;  and  the  other,  static  pressure,  pos>- 
sibly  negative,  which  is  due  to  the  potential  energy,  of  the  air  being 
confined  in  the  duct  at  a  higher  or  lower  pressure  than  atmospheric. 

When  air  starts  through  a  duct  which  has  a  tortuous  path,  and  tha  sec¬ 
tion  of  which  changes,  the  values  of  velocity  and  static  pressure  will 
change,  rising  and  falling,  as  one  is  converted  into  the  other  depending 
on  conditions,  but  the  total  will  continually  decrease  due  to  the  losses. 
The  problem  lo  U"  determine  what  the  change  In  heads  or  pressures  la  in 
each  portion  of  the  duct.  The  presauree  finally  resulting  at  the  fan 
indicate  fan  performance  necasaary. 

NOTATION 

▼  =  velocity  of  air  in  feet  per  minute. 

py  s  velocity  head  or  pressure  in  inches  of  water. 

Pa  =  static  head  or  pressure  in  inches  of  water. 

=  total  head  or  pressure  in  inches  of  water. 

w  =  weight  of  air  in  lbs.  per  cubic  foot. 

C.F.M.  =  cubic  feet  volume  of  air  per  minute. 

R.P.M.  =  revolutions  per  minute. 

H.P.  =  horsepower. 

FORMULAS 

▼  —  1096.5  /J* 

For  "Standard  Air",  that  is  68°F  and  29.92  barometer,  W  *  .07483 
lbs.  per  cu.ft.  and  then  ve  becomes 

v  =  4005  or  Pv  =  Ol£~Io7' 

Pt  =  Pv  ^  P6 

AS  regards  the  performance  of  any  fan« 

Capacity  or  C.F.M.  is  diredtly  proportional  to  speed  or 
Pressure,  Pg,  is  proportional  to  the  square  of  the  speed  or 
Horsepower  is  proportional  to  the  cube  of  the  epeed  or  R.P.M. 

These  three  effects  take  place  simultaneously. 

Assuming  the  sub -letters  to  denote  different  speede,  then 


(C.F.M. )x 
(C.F.M. )2 


(H.P. ) i 
(H.P. ) ^ 


(R.P.M.)! 
(R.P.M. )2 

(R.P.M. )l 
(R.P.M.)* 

(R.P.M. )[ 
(R.P.M. )3 
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(Static  pressure  at  fan  outlet. 

Total  pressure  of  (+  velocity  preaaura  at  fan  outlet, 
fan  equals  (+  static  pressure  (draft)  at  fan  ialat 

(-  velocity  pressure  at  fan  inlet. 


Static  pressure  of 
fan  equals 


(Static  pressure  at  fan  outlet. 

(+  static  pressure  (draft)  at  fan  inlet. 
(-  velocity  pressure  at  fan  inlet. 


C-3.  One  of  the  greatest  losses  is  due  to  the  shock  of  the  moving 
air  entering  the  more  or  less  stationary  air  of  the  fire  room.  To  min¬ 
imize  this  shock  and  energy  loss  due  to  the  impact  the  air  should  be 
led  into  the  fire  room,  or  other  space  to  be  ventilated,  at  loe  speed. 
This  speed  reduction  is  accomplished  most  sfficiently  by  means  of  a  dif¬ 
fuser.  The  diffuser  should  be  proportioned  according  to  the  correct 
rate  of  change  of  speed. 

C-4.  The  following  expression  covsrs  a  diffuser  of  rectangular  sec¬ 
tion.  However,  the  area  is  ths  govsrning  feature  and,  regardless  of 
shape,  circular  or  what  not,  the  area  can  be  made  equivalent  to  that  de¬ 
termined  by  the  method  following. 

C-5.  In  a  rectangular  diffuser  or  length,-^,  having  one  pair  of  sides 
parallel,  If  the  half -breadths  at  ths  small  and  large  ends  are  respec- 
tively  and  y2#  the  half-breadth>  y*  at  the  distance*  x*  Troa  the  eaail 
end  is  given  by  ,  _ 

1 _ a  _i _ 2L.  f _ l - - i - / 

‘•<1  ^  ‘/n 


Figures  1  to  5  show  the  losses  to  be  expected  in  ordinary  duct  work. 
Converging  nozzle  loss  is  not  shown  because  this  loss  is  so  small  it  msy 
be  neglected  where  the  total  angle  of  convergence  is  not  greater  than  45  . 

It  will  be  noted  that  rig.  3  shows  friction  loss  in  circular  pipes. 

In  the  case  of  rectangular  pipes,  the  value  of  the  expression  2  ftb_ 
where  a  and  b  are  the  two  sides,  may  be  substituted  for  a  ♦  b 


the  diameter  on  the  curve.  j  J  J  ,  . 

C-6.  This  curve.  Fig.  3,  covers  ordinary  galvanized  iron  swedge  pip¬ 


ing  or  duct  work.  .  .  .  . _ . 

C-7.  Armored  grating  resistance  is  not  shown  but  this  may  be  taken 
as  50  per  cant  Pv  loss  for  gratings  with  circular  holes  with  rounded 
edges.  In  other  words,  the  gain  in  velocity  head  which  depends  on  the 
size  and  number  of  holes  should  be  calculated  and  half  of  this  taken  as 


^C~8.  The  existing  practice  is  for  ths  boiler  manufacturer  to  guaran¬ 
tee  eatiafactc.-y  operation  of  his  equipment  with  a  firs  room  pressure 
of  a  certain  amount^  generally  eight  inches  of  water.  Of  course  part 
of  this  pressure  is  absorbed  in  the  uptakes,  armored  gratings  and  »«oke 
pipes,  but  this  is  generally  of  the  order  of  0.5  inches  of  water  or  less 

of  air  necessary  is  calculated  on  the  basis  of  300 
cu.ft.  per  pound  of  oil  when  the  boilers  are  operating  at  th®  20%  over¬ 
load  condition  and  the  corresponding  air  pressure.  The  weight  of  oi 
which  must  be  consumed  is  obtained  from  ship's  contract  and  boiler 
manufacturer's  guarantee  which  is  made  on  ths  basis  of  ths  evaporation 
rate  per  pound  of  oil.  This  appears  on  ths  boiler  plana. 
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C-io.  Knowing  the  volume  or  amount  of  air  and  the  area  of  entranca  to 
tha  air  intaka,  the  velocity  and  tha  corresponding  velocity  preaaura  can 
L<u  calculated.  It  ahould  be  borne  in  Mind  that  all  of  the  energy  imparted 
to  thia  air  la  supplied  by  the  fan  and  that  thie  velocity  pressure  is  part 
of  the  total  pressure  which  the  fan  must  exert.  The  static  pressure  at 
the  Intake  entrance  Is,  of  course,  atmospheric  or  zero  inches  of  water 
(gauge).  From  this  p'lnt  on  wo  may  calculate  changes  in  pressure  and  add 
or  aubtract  them,  ad  proper,  until  wo  reach  the  fan  or  fire  roo».  Thia  i* 
ahown  in  the  sample  calculation  to  follow. 


D.  SAMPLE  CALCULATIONS . 

D-l.  SAMPLE  CALCULATION  JOjJL.  .  „  „ 

D-la.  It  is  desired  to  bring  56,500  cu.ft.  of  air  to  each  of  three 
fire  rooms  on  an  aircraft  carriep.  These  fire  rooms  are  situated  adjacent 
to  each  other  and  all  the  air  is  brought  through  a  common  trunk  to  a  point 
Just  above  the  three  fire  rooms  where  the  air  is  distributed.  The  sketch, 
Fig.  6,  shows  the  general  arrangement  and  ditoensions  Of  the  inlet  duct.  At 
the  point,  D,  the  division  of  air  takes  place.  The  furthest  fire  room  la 
at  G  some  40  feet  away  and  thia  ahould  consequently  entail  the  greatest 
entrance  loss.  The  required  static  pressure  in  the  fire  rooms  is  6.8  inches 

*D-lb.  shat  ahould  be  the  characteristics  of  the  blower  situated  in 

r?he? calculation  of  the  duct  loae  or  resistance  foltowi  for  ead» 
section.  Under  each  letter  heading,  the  loss  is  calculated  up  to  that  let¬ 
ter  point  of  the  sketch.  It  will  be  noted  that  under  A,  the  entrance  loan 
Tb  given  as  velocity  pressure.  The  energy  required  to  accelerate  the  air 
up  to  this  velocity  must,  of  course,  be  supplied  by  the  fan. 


A. 


=  1540  ft. /min., 


Pv  = 


JL54£L 


1.61  x  10' 


a  0.147  inches. 


Entrance  Loss  =  0.5  Pv^  =  0.5  x  0.147  =  0.0735  Inches. 

See  Fig.  1.  .  . 

See  Fig.  3,  10.5  ft.  =  126  inches. 

0.028  inches  of  water  per  100  ft. 

0  12  x  0.028  =  0.00336  inches  of  water  drop. 

P*  =  o  -  0.00336  -  0.0735  =  -0.07686 

Pvb  =  0.U7 
b 

See  Fig  5.  This  io  half  of  a  right  angle  bend  with  a  50%  radiun. 
Loee  is  one  half  of  95*  or  47.5?!  velocity  head 
0.475  x  Pvh  - 

0.475  x  0.L47  =  0.07  inches  of  water. 

Loss  through  the  duct  ie 

0.14  x  O.ord  -  0.00392  inches  of  «ter* 

PBC  =  -0.07686  -  0.07  -  0.00392  =  -0.15078 

P„  =  0.147 


J>£o 


-5- 


o»SH 


D. 

H«lf  of  right  angle  band.  This  completes  ths  othsr  half  so  prmssnrs 
drop  is  0.07  inches  of  water. 

Equivalent  diameter  of  duot  is 


i-JLb. 


a  +  b  • 
or  136  inches. 
See  Fig.  3. 
0.09  x  0.022 


2  x  10  x  13 
10  +  13 


m 

23 


>  11.3  fast. 


0.022  inches  water  per  100  ft. 
*  0.00198  inches  water  drop. 


p»d 


1270^ 


0,1  inches. 


1.61  x  10 '  m 

Sinoe  there  is  no  diffuser  it  is  assumed  that  the  change  in  vslooity 
head  is  completely  lost,  there  being  no  atatio  regain. 

A.  •  IM  A  e  t-  A  AIM 


This  loss  is  Py.  -  P 


-0.15078  -  0.07 
-0.26976 


▼d 


0.U7  -  0.1  *  0.017 
0.00198  -  0.047 


I. 


Assume  the  change  in  section  plus  the  right  angle  to  result  in 
▼elooity  head  loss  of  the  elbow  effect  only  which  would  bo  93*  Telocity 
head  (refer  to  Pig.  5)  then 

O’. 95  x  0.1  a  0.095  loss.  ^  ,  .. 

Loss  due  to  change  in  velocity  head  is  difference  between  velocity 

heads  at  0  and  I. 


New  velocity  head  is  Py0 


•  0*343  inches. 


l,ttxlOT 

Old  velocity  head  was  Pvg  *  0.1  _  _ 

Loss,  which  should  be  substraoted  from  static  head  is  PT#  -  Fvd 

0.343  -  0.1  »  0.243  inches. 

Pl§  *  -0.26976  -  0.095  -  0.243  a  -0-608 


In  entering  the  large  area,  all  velocity  head  is  lost.  The  friction 
drop  through  down  to  the  armor  grating  say  be  neglected.  At  ths  armor  grat¬ 
ing  entrance  the  velocity  is 

a  56.500  ,  1885  ft./min. 
f  30  „ 

p_.  *  — w  *  0.22  inches. 

f  1.61  x  10' 

Pif  -  -0.608  -  0.343  ■  -0.951 


0. 

Telocity  through  grating. 

y  *  »  3325  ft./min. 

Change  in  velocity  head  is  as  follows i 

22S  —  »  0.688  inches. 

1.61  x  10' 


pv  * 
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PT  -  PT^  a  0.688  -  0.22  =  0.468  change. 

Half  of  this  la  lost. 

JhJtiA —  s  0.234  lost  in  static. 

2 

P.g  =  -0.951  -  0.234  =  -1.185 

P»  =0.22  inch**. 

i 

This  la  at  aotranca  to  blower. 

Pt-  =  P*.  +  Prg  *  1.185  +  0.22  =  1.405  inches. 

Static  pressure  at  outlet  of  fan  must  be  6.8  Inchea  froa  specif ioa- 
tiona. 

Referring  to  "Detail  Design"  it  la  seen  that 

(Statio  pressure  at  fan  outlet 
Statio  pressure  of  (+  static  pressure  (draft)  at  fan  inlet 
fan  equals  (-  velocity  pressure  at  fan  inlet. 

Therefore,  static  pressure  of  fan  must  be 

6.8  ♦  1.185  -  0.22  =  7.765  inches  of  eater. 


D-2.  SAMPLE  CALCULATION  M0.  2. 

D-2a.  Referring  to  the  problen  under  saaple  calculation  Bo.  1,  suppose 
it  should  be  desired  to  inorease  the  amount  of  air  per  boiler  to  68,000  cfa. 
Bhat  mould  be  the  per  cent  inorease  in  speed  at  which  the  blower  would  have 
to  run?  Bhat  would  be  the  statio  press ore  in  the  fire  room?  Bhat  percentage 
Increase  in  horsepower  would  be  required?  Conditions  of  inlet  and  discharge 
of  blowers  remaining  constant. 


»  1.205  or 

56,500  of a 

.  20.3)4  increase  in  speed. 

(1.205) 2  (6.8)  =  9.86  inches  of  water  pressure  in  fire  room. 

(1.205) 3  =  1.75  or  755*  increase  in  horsepower. 


D-3.  SAMPLE  CALCULATION  NO.  3. 

D_3a.  A  vertical  trunk  4x4  feet  is  used  to  oonduot  75,000  C.P.M.  of 
air.  The  air  enters  through  a  4  *  4  ft.  opening  in  the  side  of  this 
trunk,  making  a  right  angle  turn  and  thenoe  downward. 

D-3b.  Bhat  would  be  the  difference  in  loss  of  entrance  and  downward 
turn  should  a  bell  mouthed  entranoe  be  added  together  with  three  inside 
dividing  guides,  spaced  one  foot  apart? 

Area  of  entrance  is  16  sq.ft. 

ZitfiSKl  =  4690  ft. /min. 

*  -7 - 2 

pw  s  - A69Q— —  3  1,365  inches  of  water. 

T  1.61  x  10' 


Refer  to  Pig.  1. 

Htif  of  p  is  lost  in  statio  pressure. 

0.50  x  1.365  3  0.683  inches  statio  loss. 

Loss  in  the  right  angle  turn. 

See  Fig.  5.  „  .  ,  „ 

Radius  is  503  of  pipe  width.  Lom  is  95%  of 
0.95  x  1.365  =1.28  inches. 
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Total  static  proaam-o  loss. 

0.683  ♦  1.28  =  1.963  inoha*  of  . 

Sil  »utb  «4  dl.14U.  raJ..  «•  •"•*• 

C“UcLl  ‘M/c'/d  £ r  tte  r.dll  3.5.  2.5.  1.5  »d  0.5  «• 


A#  =  35051, 

B,  a  250$, 

C,  y  *  150*. 


Hoad  loo*  *  7.5* 
Hoad  loM  *7.5 * 
Hoad  lost  *  9 * 
Hoad  lo*«  ■  95* 


D,  Sii  =  50*, 

sr-wAt re  s  sc  wre 

£.*£  STiluittU.  ^outf.  “cS  *l‘“-  ™ 


0.95  ■  0.09  .o  -  0.075  4  *  0.075  ^ 


U.73  ▼D  w  '  lu  o  2 

12.67  xj.  1*2  i  "’I  ■% 

3.56  xd  »  1.09*  To  *  *6  *  ’* 

♦  1  +  1 


a  0.80  ▼*  *  *▼•*»«• 


4690  ft ./■in.  3  avaraga  moloeity. 


▼a 

Tb 

▼o 

▼d 


V#  a  *V  ” 

AfiSft  a  5850  ft./ai*. 
0.80 

5850  ft./nin. 

a  535O  ft. /mi*» 


.850  s  i^q  ft./mia. 
•5' 
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DEPARTMENT  OF  THE  NAVY 

NAVAL  SEA  SYSTEMS  COMMAND 
1333  ISAAC  HULL  AVE  SE 
WASHINGTON  NAVY  YARD  DC  20376-0001 


5720/OODT  INREPLYT0 

2012-0699 

9/20/2012 


MEMORANDUM 


From:  SEA  00D 

To:  SEA  05  (ATTN:  N.  Doerry) 

Subj:  DDS  251-1,  Forced  Draft  Blowers,  Duct  Work  For,  dated  1  June  1935 


The  attached  material  proposed  for  public  release  has  been  reviewed  and  is  returned  with  the 
following  response.  Amendments  may  be  indicated  on  the  enclosure  and  reasons  are  attached. 

Statement  A:  Approved  for  Public  Release;  Distribution  is  unlimited. 


PATRICIA  K.  DOLAN 
By  direction 


